OBJECTIVE -Accurate information about the magnitude and distribution of diabetes can inform policy and support health care evaluation. We linked physician service claims (PSCs) and hospital discharge abstracts (HDAs) to determine diabetes prevalence and incidence.
D
iabetes is a common, chronic condition that imposes a heavy burden of morbidity and early mortality on affected patients (1) (2) (3) . Diabetes and its complications drive a substantial portion of medical resource use for those who fund and deliver health care. At the same time, research findings now provide unprecedented levels of evidence regarding the prevention of diabetes complications (4 -9) . In this context, accurate, population-based assessments of the prevalence of diabetes become important for policymakers and for those mounting and evaluating disease management strategies.
Previous work evaluating the prevalence of diabetes has been largely based on national population-based surveys (10 -12) , registries (13) , and cohort studies in highly selected populations (14) . National health interview programs may facilitate population-based estimates; however, there is evidence that they underestimate the prevalence of diagnosed diabetes, as revealed in medical record reviews (15) (16) (17) . Surveys also provide insufficient data to define prevalence at the level of geographically small areas and are inefficient for ongoing surveillance.
Blanchard et al. (18) in Manitoba have used comprehensive databases of physician service claims (PSCs) and hospital discharge abstracts (HDAs) to identify individuals diagnosed with diabetes in the province and to estimate rates over time. Their validation against a diabetes education registry suggested that the sensitivity of the algorithm was in excess of 95%. However, such a validation strategy does not assess its sensitivity for identifying individuals who do not pursue diabetes education (who may use health services differently), nor does it assess the specificity of the algorithm.
The purpose of this study was to use linked PSCs and HDAs to determine the prevalence and incidence of diabetes in Canada's largest province. We sought to evaluate the sensitivity and specificity of the detection algorithm by comparison to an independent administrative database and by primary chart abstraction.
RESEARCH DESIGN AND METHODS

Data sources and definitions
Administrative data were used to assemble a cohort of individuals who had been diagnosed with diabetes in Ontario. Discharge abstracts prepared by the Canadian Institute for Health Information (CIHI) were used to identify patients admitted to a hospital with a diagnosis of (any of 16 diagnostic fields  showing a diagnosis of diabetes: ICD9 250.x). Ontario Health Insurance Plan (OHIP) records were used to identify PSCs for which the diagnosis recorded was diabetes (ICD8 250.x). All relevant records from these two data sources from fiscal year 1991 (1 April 1991 to 31 March 1992) through fiscal year 1999 were extracted. All identified CIHI and OHIP records for individuals were linked through a reproducibly scrambled unique health care identifier.
Among the individuals identified with a diagnostic code for diabetes, those with diabetes were identified following the algorithm of Blanchard et al. (18) , developed using administrative data in Manitoba. Their algorithm specified that any patient with two PSCs bearing a diagnosis of diabetes within a 2-year period or one hospitalization with a diagnostic code for diabetes would be identified as having diabetes. A similar algorithm requiring only a single PSC was also examined. Algorithms using a longer window to improve sensitivity were rejected because they were impractical for ongoing surveillance, and algorithms requiring more claims to improve specificity were rejected because of the unacceptable reduction in sensitivity. To exclude women from the diabetes database who had only gestational diabetes, any record bearing a diabetes diagnostic code followed by a PSC or hospital discharge record within 5 months, indicating an obstetrical event, were eliminated. The resultant administrative data cohort was titled the Ontario Diabetes Database (ODD).
Individuals identified as having diabetes were linked by a unique identifier to the Registered Persons Database (RPDB), the annual registry of all individuals eligible for coverage under the provincial health plan. The RPDB provided each patient's sex, year of birth, date of death (where applicable), and postal code. Individuals for whom no death record was identified remained in the diabetes database, regardless of whether they had claims with a diagnosis of diabetes in subsequent years.
The diabetes database was initially validated using two independently derived cohorts of individuals with diabetes identified from the Ontario Drug Benefit (ODB) Program database and the National Population Health Survey (NPHS). The ODB provides prescription drug benefit coverage for all individuals Ͼ65 years of age. Individuals with claims for either insulin or oral hypoglycemics were labeled as having diabetes. The NPHS is a self-report survey of a stratified, random sample of the population in which respondents were specifically asked whether they had diabetes that had been diagnosed by a physician. Both the NPHS and the ODB database carry each patient's unique numeric identifier and thus could be linked to the ODD in order to assess the algorithm's sensitivity to detect diagnosed diabetes.
Primary data collection
The ODD was further validated by primary data collection from physician office charts. To simplify data collection, the individuals selected for review were nested within the practices of randomly selected primary care physicians who practiced within 50 km of Toronto and who consented to participate. Eligible physician claim data were screened to ensure that they had seen at least 30 patients with diabetes in the past year. We did not require physicians whose practice demographics were representative of the province because the validation was based on adjudication of the assignment of an individual as having diabetes or not, rather than on the calculation of prevalence within the chart abstraction sample.
The sample size calculation was based on a need to detect high sensitivity in the algorithm and high positive predictive value (PPV). Assuming a prevalence of diabetes of 5%, a sample of 3,000 primary care patients would give a lower limit for a one-sided 95% binomial confidence interval of 98% for the sensitivity. A trained abstractor collected information regarding the diagnosis, duration, and type of diabetes. Diagnosis was based on a diagnosis of diabetes listed in clinic notes and/or consult letters and/or prescriptions for antidiabetic medications. In the absence of such evidence for disease, the patient was labeled as not having diabetes.
The study protocol was approved by the Research Ethics Board of the Sunnybrook and Women's College Health Sciences Center.
Analysis
The appropriate algorithm for identifying cases of diabetes from administrative data was determined by comparing the ODD cohorts to those derived from the ODB, NPHS, and primary chart review. Two algorithms were tested: one required only one PSC or hospitalization with a diagnosis of diabetes, and another previously reported algorithm required either two PSCs within a 2-year period or one hospitalization bearing a diagnosis of diabetes. We sought an algorithm that maximized sensitivity while providing at least 80% of PPV. For cases where there was disagreement between the administrative data algorithm and the reference population, descriptive statistics were prepared to elucidate the discrepancy.
Using the preferred algorithm, ageand sex-standardized annual prevalence and incidence rates were determined for 1994 -1998. Beginning in 1994, any patient identified as having diabetes but not previously identified as such was labeled as an incident case. Note that patients classified as incident cases in 1994 have a maximum of 3 previous years of data free of diabetes codes, while in 1998 there is a 7-year period. Accordingly, incident rates in the early years may be inflated because of the inclusion of a small number of misclassified prevalent cases. Denominators for incidence and prevalence rates were drawn from Statistics Canada census data and intercensal estimates for the province of Ontario. Rates were compared over time and across counties (n ϭ 49, median population 73,406). Standard small area variation statistics were prepared to test for variation between counties.
RESULTS
Validation of the administrative data algorithm
Application of the algorithm is illustrated in Fig. 1 . Validation of both the 1-and 2-claim rules against a cohort of individuals receiving antidiabetic agents through the ODB demonstrated a high level of sensitivity (94 and 91%, respectively). Because individuals appearing in the ODB database must have obtained a prescription, this validation exercise does not measure sensitivity for individuals who use health services infrequently.
Comparison to self-reported diabetes status in the NPHS showed reasonable sensitivity (90 and 85% for 1-and 2-claim algorithms, respectively) but high levels of apparent false positives (PPV 44 and 64% for 1-and 2-claim algorithms, respectively). Descriptive analysis of the ap-parent false positives suggested that many of these were in fact true positives and that diabetes is under-reported in this survey.
Because the self-reported NPHS data appeared inadequate as a gold standard, primary care chart abstractions were undertaken. A total of 520 randomly selected physicians were invited to participate through an initial letter with follow-up to nonresponders. Chart abstraction was performed in the offices of 57 physicians (11%) who agreed to participate. Where provided, the most common reasons for declining participation were disruption of office routine and concerns about patient confidentiality. Then, 3,337 charts were abstracted using a standard data collection instrument, of which 3,317 could be linked to the diabetes databases defined from administrative data. The comparison of the two sources is shown in Tables 1 and 2. Sources of discordance between administrative and chart data were explored in a descriptive analysis. Individuals who were labeled as having diabetes based on administrative data (2-claim rule) but not confirmed in chart review (85 apparent false positives) are described in Table 2 . Because there are no barriers to patients seeing multiple primary care providers, it is possible that some of these individuals had diabetes diagnosed by a nonstudy physician and accordingly may be true rather than false positives. Such a circumstance would be more likely if a patient saw multiple providers, as in our apparent false-positive cases who had seen a median of 5 (range 1-36) different physicians in the last 5 years and had a median of 5 claims (range 0 -67) with a diagnosis of diabetes. We did not obtain consent from participating physicians to link provider data; therefore, we were not able to confirm whether the diabetes claims for these individuals were submitted by a study physician or by one or more other physicians. Individuals labeled as having diabetes by administrative data but not confirmed by chart review are also more likely to truly have diabetes if they are receiving antidiabetic drugs, if they have multiple office visits for diabetes, or if their diabetes was diagnosed in hospital, where accuracy of diagnostic information in administrative data are greater. If individuals meeting one or more of these criteria (Table 2) are considered true positives, the PPV of the 2-claim algorithm increases to 98%.
Determination of rates of diabetes
Rates of diabetes prevalence and incidence for the province determined using the 2-claim algorithm are shown in Fig. 2 . There is a substantial and steady increase in the prevalence of diabetes over the observation period.
Prevalence rates by county ranged Diabetes prevalence from administrative data from 4.58 to 9.58%. Rates and standard small area variation statistics are shown in Fig. 3 . The highest rates were seen in Toronto, the largest and most ethnically diverse urban center in the province, and in counties with large Aboriginal populations. In the latter counties (including the four with the highest rates in Fig. 3 ), the prevalence was higher among women than men.
CONCLUSIONS -In a single-payer environment, administrative data provide a powerful resource for population-based evaluation of the burden of chronic diseases. The current study demonstrates that they can be used to measure the prevalence and incidence of disease and provide reasonable diagnostic agreement with data abstracted from primary care charts. Administrative data provide an efficient tool for ongoing disease surveillance. Moreover, in contrast to prevalence estimates based on stratified random samples, they define the full population of individuals diagnosed with diabetes, among which process and outcomes of diabetes care can be evaluated. Application of this tool in Ontario has demonstrated a marked increase in disease prevalence over the past 5 years. The trajectory of this growth, which appears unabated over the observation period, has important implications for those who plan and deliver health care in the province. Detailed health surveys, such as Canada's National Population Health Survey (19) , have been an important source of data for health planners and are attractive because they do not have the bias inherent in administrative data toward individuals who use health services. However, findings in the current study suggested considerable underreporting of diagnosed diabetes in response to that questionnaire.
The use of information abstracted from patients' primary care charts to validate the administrative data findings also proved problematic. Migration between providers and lack of efficient vertical integration of care may contribute to under detection if data are abstracted from the office chart of a single practitioner because that physician may not represent the patient's regular source of care. The identification of individuals labeled as not having diabetes based on chart review, yet using insulin or oral hypoglycemics, provides strong evidence for the fallibility of such chart reviews. However, it does not precisely quantify the magnitude of the underdetection. We are accordingly left in the unsatisfactory position of having no definitive gold standard against which to validate the administrative data. Biological sampling would clearly be the preferred method for accurately determining the epidemiology of diabetes and would be free of many of the biases described above. Importantly, it would include those individuals who meet the clinical definition of diabetes but have not yet been diagnosed. Nonetheless, a cohort of individuals with diagnosed diabetes, such as the one described here, is of interest to those evaluating the delivery of care because services for the prevention of diabetes complications, for instance, are only appropriately assessed in those who have been diagnosed. This work sought to determine an optimal administrative data algorithm for detecting diabetes, a task predictably hampered by the trade-off between sensitivity and specificity. Requiring only a single PSC significantly improves sensitivity, but at the cost of unacceptable false positives. These false positives may simply be coding errors or cases where diabetes was clinically suspected but subsequent laboratory tests did not confirm the diagnosis.
The prevalence of diabetes is rising in Ontario despite relatively stable incidence. A moderate degree of regional variation was observed. In particular, districts with a high proportion of Aboriginal residents were found to have both a high prevalence of diabetes and higher rates in women than men, consistent with previous epidemiological studies (20, 21) . The other area noted for high prevalence was metropolitan Toronto, a finding that may be artifactual, reflecting more effective screening in an urban academic center, but may also be a function of immigration from countries with high rates of diabetes. Further study is required to elucidate the reasons for regional and temporal variation in disease patterns.
This work supports the previously postulated (22,23) feasibility of using administrative data for chronic disease surveillance. One of the principal advantages of such method is that it not only quantifies the burden of disease, but it also defines a population in which process and outcome of disease management may be explored. A population-based cohort of individuals diagnosed with diabetes represents a valuable resource for those seeking to evaluate the delivery and outcomes of care for diabetes.
